This paper explores the programming knowledge of novices using Biggs' SOLO taxonomy. It builds on previous work of Lister et al. (2006) and addresses some of the criticisms of that work. The research was conducted by studying the exam scripts for 120 introductory programming students, in which three specific questions were analyzed using the SOLO taxonomy. The study reports the following four findings: when the instruction to students used by Lister et al. -"In plain English, explain what the following segment of Java code does" -is replaced with a less ambiguous instruction, many students still provide multistructural responses; students are relatively consistent in the SOLO level of their answers; student responses on SOLO reading tasks correlate positively with performance on writing tasks; postgraduates students manifest a higher level of thinking than undergraduates.
INTRODUCTION
A number of psychological studies have shown that expert programmers organize their knowledge of code segments into a coherent whole  the function performed by the code  whereas novices may understand the parts of a program but struggle to organize those parts into a coherent whole (McKeithen, Reitman, Rueter & Hirtle, 1981; Adelson, 1984; Wiedenbeck, Fix and Scholtz, 1993) . However, those psychological experiments do not lead directly to teaching techniques that help students see the relationships between the parts, nor are these psychological experiments viable approaches to assessing whether novices in a university environment have acquired the ability to see the relationships between the parts.
The BRACElet project (Lister et al., 2006 ) introduced a problem which represents a pragmatic approach to both teaching and assessing this type of knowledge in novice programmers. Students were instructed "In plain English, explain what the following segment of Java code does", where the code provided by Lister et al. is shown in Figure 1 . The student responses to this question were then classified by BRACElet members according to the first four levels of the SOLO taxonomy (Biggs and Collis, 1982 ):
• Prestructural ("P"): This is the least sophisticated SOLO response, where the student manifests a significant misconception, or uses a concept irrelevant to programming.
• Unistructural ("U"): The student manifests a correct grasp of a part of the problem. For example, a student describes the functioning of one or two lines of code.
• Multistructural ("M"): The student manifests an understanding of most lines of code, but does not manifest an awareness of how the code as a single coherent whole -the student "fails to see the forest for the trees". For example, a student might translate each line of code into pseudo code.
• Relational ("R"): The student manifests an understanding of the code as a single coherent whole, by describing the function Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. performed by the code -the student "sees the forest". For the code given in Figure 1 , a relational response might be "checks to see if the array is sorted". 
Research Questions
This paper extends the earlier work of the BRACElet project by exploring four research questions:
1. Is the instruction -'In plain English, explain what the following segment of Java code does' -ambiguous? Students capable of providing a relational answer may have thought that a line by line multistructural explanation was required. In this study we reworded the instruction to: "Explain the purpose of the following segment of code". We then explored the possible ambiguity of the new instruction by using two questions (loop and swap, Figures 1 and 2 ). If a student answers one question relationally but not the other, it is implausible to argue that the student understood the instruction for one question and not the other.
We further explored this possible ambiguity by using a third question which asks students to supply a name for a method that "reflects its purpose" thus forcing a relational type response.
2. If asked more than one question, does a student tend to provide answers at the same SOLO level?
3. Consistent with the conjecture made by Lister et al., is there a correlation between student SOLO performance on reading tasks and on code writing tasks?
4. How do SOLO responses between postgraduate and undergraduate students compare in an introductory programming unit?
RESEARCH APPROACH
Our data is from written student responses in two exams, one for a class of undergraduates, the other for a class of postgraduates. Both courses are run within the faculty of the first two authors, and both courses are an introduction to programming, which students usually take at the commencement of their degree. The students sat the exam at the end of the semester.
Study Design
While the two exams were different in many respects, both exams used an identical set of three SOLO-related questions, referred to as loop (Figure 1 
Study Participants and Exam scripts
Exam scripts for 120 introductory programming students were analyzed. There were 79 scripts for the undergraduate students and 41 for the postgraduate students. The ratio of male/female students was 64/15 for the undergraduate cohort and there was a similar ratio (35/6) for the graduate cohort
The undergraduate exam contained five sections, worth a total of 100 marks. Section 1 (20 marks) comprised 20 short answer questions. The three SOLO-related questions analyzed in this study were placed in this section of the exam paper. Section 2 (21 marks) required students to write code for three small programming problems. Section 3 (33 marks) required students to design and implement a class that required the use of inheritance. Section 4 (18 marks) tested the students knowledge on algorithms and control structures. Section 5 (8 marks) focused on debugging.
Suggest a name for method10 below that reflects its purpose. The postgraduate exam paper was also worth a total of 100 marks but contained only four sections (A-D). Section A (15 marks) required students to give short written responses. Section B (20 marks) required students to write code to solve small programming problems and interpret segments of code. The three questions analyzed in this study were placed in this section of the exam paper. Section C (15 marks) required students to design a solution to a problem and to develop a testing strategy for the program. Section D (50 marks) was devoted to coding a more complex programming problem and also aspects of debugging.
SOLO was not used as part of the marking scheme for these two exams. The SOLO classification to the three questions was done subsequent to, and independently from, the exam marking.
Data Analysis
Student responses to the three questions were analyzed according to the SOLO taxonomy by the six authors. Initially, the six researchers independently coded the three answers of all 41 postgraduate students. This was followed by a discussion over differing classifications. To clarify coding and discussion, four new SOLO sub-categories were used:
• Relational with extra ("Ra"): For example, such a response for swap might mention that the values in "b" and "c" are exchanged, but adds that "a" contains the original value of "b".
• Relational but error ("Re"): For example, such a response for swap might mention that the code swapped the values in two variables, but specifies the wrong variables.
• Relational incomplete ("Ri"): A response where the student has not directly answered the question. For example, for average, some students wrote that the method computed the average of the numbers in the array, but omitted to provide a name for the method.
• Multistructural with error ("Me"): The student has made an error in their description of a line of code.
Students often provided both a relational response and a multistructural response. Such a response was deemed to be relational.
Once agreement was reached on the postgraduate exam responses, three of the authors coded the 79 undergraduate responses.
RESULTS
This section presents an analysis of the data collected for this study. To analyze the ordinal SOLO responses, we allocated a number to each SOLO level, from 1 (for prestructural) to 4 (for relational), and 0 for a blank response. Due to the sparseness of results for Ra, Re, Ri and Me responses, these subcategories were included in the parent "R" and "M" categories for statistical analysis.
Overview of SOLO responses
A summary of the SOLO responses for each question using the extended classification categories is shown in Table 1 . A graphical summary of the responses classified according to the original SOLO responses is presented in Figure 4 . This shows that the patterns of responses for the swap and loop questions are similar and these are different to the pattern for average.
Were there any differences between student cohorts and gender?
To investigate any differences in the level of responses between the undergraduate and postgraduate students, Mann Whitney U tests were used. The analysis showed that for each question the postgraduate group scored higher level responses than the undergraduate group. The results are shown in Table 2 . Similar tests based on gender showed no differences in responses between the male and female students. No further analysis was conducted based on gender. 
Were there any differences in SOLO responses between questions?
Relationships between the SOLO responses to the swap-andloop, swap-and-average, and loop-and-average questions were tested using Spearman's R correlations. These showed moderate relationships between the students' responses for each pair of questions for both the undergraduate (R=0.54, 0.54, 0.48) and the postgraduate groups (R=0.54, 0.51, 0.48). In each case these relationships were significant at p < 0.05.
The level of responses to the swap and loop questions were compared using Wilcoxon Signed Ranks test. No significant differences were found for the undergraduate students (i.e. undergraduates tended to provide the same type of SOLO response for swap and loop). The postgraduates did show a statistically significant difference in SOLO response for the swap and loop questions (Z = 3.22, p < 0.05). Closer examination of the postgraduate data showed that each student had a SOLO response to the swap question either at the same SOLO level, or at a higher level, than their response to the loop question -there were no lower responses. The greater number of higher level responses to the swap question was consistent with the researchers' view that this was an easier question to answer than the loop question in that it tested understanding of assignment, rather than the more difficult concepts of selection and iteration in the loop question.
Were there any differences in exam results for different SOLO levels?
The mean exam results for each SOLO level for the undergraduate and postgraduate classes are shown in Table 3 . These indicate that the average exam mark decreases as the level of SOLO response decreases, from relational to prestructural. ANOVA tests showed that these differences were significant for both the undergraduate and postgraduate groups. 
DISCUSSION
We discuss the four research questions raised in section 1.1:
1. Is the instruction -'In plain English, explain what the following segment of Java code does' -ambiguous? Similarly, is our instruction -Explain the purpose of the following segment of code -also ambiguous?
Our swap and loop used the same instruction. For swap, 71% of postgraduates answered "R" but only 37% (i.e. 34% less) answered "R" for loop. This suggests that -at least for 34% of postgraduate students -the instruction is not ambiguous. However, we cannot eliminate the possibility that some of postgraduates misunderstood the instruction.
The results for average are harder to assess. The high rate of "R" responses for average might suggest that the instruction given for swap and loop was ambiguous. However, the use of meaningful variable names in average (especially "sum") may have given a student a clue as to what the code was doing, without the student actually understanding the code. Asking students to nominate a method name is a promising approach if our aim is to gain evidence of relational thinking. However, this approach does not give comprehensive information about students' lower level thinking.
2. If asked more than one SOLO question, does a student tend to provide answers at the same SOLO level?
Students were relatively consistent in the SOLO level of their answers across swap and loop. The overall differences in level of the responses are probably due to the code for swap being easier to interpret than the code for loop.
As above, the results for average are harder to assess, because the use of meaningful variable names may have given a student a clue as to what the code was doing, without the student actually understanding the code.
3. Consistent with the conjecture made by Lister et al., is there a correlation between student performance on SOLO reading tasks and on code writing tasks? Figure 7 and its correlation coefficient (R value) indicate that, in this study, there was a positive correlation.
The higher level of SOLO responses from the postgraduate group is consistent with our understanding of postgraduate students as having developed higher level thinking skills during their undergraduate degree.
CONCLUSION AND FURTHER WORK
The findings from this study support our plans to use the SOLO taxonomy to develop an instrument to assess a student's ability to see higher level relationships in their code and to develop teaching techniques to help students to acquire this ability.
